Radio data on solar radio bursts imply that acceleration occurs in more than the traditional two phases. Short timescale phenomena, called spike bursts, may be the most direct signatures of acceleration, but they are inadequately understood for firm conclusions to be drawn. Data on events in the solar wind provide direct evidence on particle accelerations. It is suggested that phenomena may be classified according to the type of acceleration involved, with four types being identified: bulk energization, stochastic acceleration, diffusive shock acceleration and shock drift acceleration.
Introduction
Radio evidence on particle acceleration in the solar corona is extensive, but it is also indirect. Thus, there is a wealth of observational data, but the interpretation is rarely unambiguous. Ideas on acceleration in the 1960's and early 1970's were guided by the idea of two phases of acceleration [I, 21 . First phase acceleration occurs on a timescale of a few seconds in the flash or impulsive phase of flares and results in the electrons that generate type I11 radio bursts, microwave impulsive bursts and hard X-ray bursts. Second phase acceleration occurs on a timescale of tens of minutes or longer in the decay or gradual phase of a flare and results in the electrons that generate microwave emission, and in the energetic ions and relativistic electrons observed as solar cosmic rays.
By the mid-1970's it was apparent that these two phases provided an inadequate framework for understanding the radio data. This point was made in a paper to the 1976 COSPAR meeting by the late S. F. Smerd; Smerd's unpublished, extended abstract for that paper is included here as an Appendix. Despite the clear evidence that two phases of acceleration are inadequate to explain all the data, no alternative simple overview has emerged. This is partly because the possible acceleration mechanisms are not adequately understood. An exception is acceleration at shock fronts, for which we now have two relatively well-developed mechanisms discussed below (diffusive shock accelerations and shock-drift acceleration). For the other non-shock-related phenomena it is still conventional to appeal to a first-phase-like acceleration or "bulk heating", and a second-phase-like mechanism which is stochastic (Fermi-like acceleration) in nature.
In Section 2 the radio data and their implications for acceleration are reviewed; this discussion is similar in attitude to that given by Smerd (cf. the Appendix), and except for a few instances, relies on data that were available by the mid 1970's or earlier. In Section 3 newer observations, particularly of spike bursts, are discussed. It has been argued that spike bursts are the most direct signatures of acceleration in the corona [3, 41 , and although this is probably the case, their interpretation remains poorly understood. In Section 4 relevant data from spacecraft in the solar wind are discussed. These data provide direct evidence on acceleration at shocks and on the spectrum of type 111 electrons. Possible acceleration mechanisms are discussed in Section 5. The implications of the radio data on mass ejections are discussed briefly in Section 6.
Overview of radio evidence on acceleration
Radio and other data on solar events can be classified as associated with the "quiet Sun", with flares, and with active regions in the absence of flaring activity [5] . (For this purpose a "flare" is defined as Ha or X-ray activity.) We will discuss nine types of radio emission, classifying them by frequency (high corona vs. low) and phase of flare. It is convenient to collect the radio bursts under four headings: the impulsive phase of a flare, the post-impulsive phase involving direct consequences of the flare, the gradual phase, and non-flareassociated storms.
. The impulsive phase
The impulsive phase of a flare lasts from a few seconds to tens of minutes. (Sometimes there is a pre-flare phase of gradual heating, manifested in microwaves and soft X-rays). The radio signatures of impulsive flares are type I11 bursts and impulsive microwave bursts [6] . Besides optical and UV signatures, hard X-rays are detectable from many flares, and they provide the most stringent constraints on the acceleration processes operating. It is widely accepted that a large fraction of the flare energy must go initially into energetic electrons in the range 10-100 keV in order to account for the hard X-ray bursts [7] . The acceleration of electrons in the impulsive phase is often called first phase acceleration.
2.1 .I. Type 111 bursts. Type I11 bursts in the impulsive phase can occur in groups, often with a quasi-periodic structure, that correlate with spikes in the hard X-ray and microwave bursts [8] (Fig. 1) . It is accepted that the type I11 events are due to a small fraction (maybe of the electrons escaping along open field lines from the flaring region, with the hard X-rays and other signatures produced by the bulk of the electrons propagating downward toward the chromo-150 emission are attributed to electron streams. The frequency drift rate is then related to the streaming velocity and hence to the energy of the streaming particles. However, there is no accepted theory for the backbone emission in type I1 bursts.
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The shock wave causing type I1 emission can also trigger other kinds of emission as they pass through the corona (see below). There have long been observations of energetic particle events (energetic ions and relativistic electrons) correlated with type I1 bursts, and this is part of the evidence for second phase acceleration.
2.2.2. The earlyflare continuum (FCE). Type IV emission has taken on the meaning of any flare-associated continuum. sphere. The escaping electrons can be observed in situ in the However, there are several categories. One is the FCE. his interplanetary medium, providing direct evidence on the form of continuum radiation persists for about ten minutes spectrum of accelerated particles. Based on the hard X-ray following the Start of some flares. Its inte~retation is not data one would expect to find electrons between 10 clear, with the most favorable idea being that it is due to 100 keV, but actually the spectra extend down to at least electrons trapped in high coronal loops (5 0.5 &) radiating 2 keV, implying that slower electrons than previously thought through plasma [l41.
---can be important in type 111 emission. ~i t e , howkver, that many type 111 bursts occur with Ha brightenings that are too small to be classified as flares, and many impulsive flares occur with no type 111 bursts. The latter may be due to the lack of open field lines from some active regions.
2.1.2. Impulsive microwave bursts. Impulsive microwave bursts occur during the impulsive phases of most flares. The emission mechanism is accepted to be gyrosynchrotron emission, which increases strongly with increasing particle energy [9] . Hence microwave emission is much more sensitive than the hard X-ray burst to the form of the any high-energy tail to the electron distribution. Observations at high spatial resolution show that impulsive microwave sources are small, e.g., as small as a few seconds of arc [lo] . Some further details on the inferred requirements on the electron distribution to account for these radio data are summarized in Table I [l 11. 2.2. Post-impulsive phase Following a flare, provided it is energetic enough, two further types of radio bursts can occur within minutes, and are clearly initiated in the impulsive phase.
2.2.1. Type ZZ bursts. Type I1 bursts are due to a shock wave caused by the flare [12] . It has long been believed and it is now well established that shock waves can cause particle acceleration. However, it is not clear how the observed radio emission in type 11 bursts is associated with the shock wave. Some type I1 bursts show a "herring-bone" structure [13] (Fig. 2) which is interpreted as due to type 111-like streams of electrons escaping from the shock. Data on particle acceleration observed in situ near shocks in the interplanetary plasma has clarified the nature of this acceleration (as discussed further below). However not all type I1 bursts show herringbone structure, but almost all have a "backbone" ofmemission with a small to moderate bandwidth.
Type 111 emission and the herring-bone structure in type 11
Gradual phase
A gradual phase occurs in large flares and involves energetic phenomena persisting for tens of minutes to hours. These include a gradual phase of hard X-ray emission, soft X-ray emission, microwaves and meterwaves. The energetic ions and relativistic electrons subsequently seen in the interlanetary plasma are thought to be accelerated in this phase. The following radio phenomena are also characteristic of the gradual phase. 2.3.1. Microwave emhsion. As with the hard X-ray emission, microwave emission can pass from a spiky impulsive phase into a gradual phase [15] . The overall frequency spectrum becomes complex with a maximum near 0.1 GHz, minimum near 1 GHz and another maximum near 10 GHz. Such microwave events correlate with the particle events subsequently seen in the solar wind [15] . It is controversial whether the electrons emitting X-rays and those emitting microwaves in the gradual phase are spatially separated, and whether they are accelerated independently of each other [16] ; thus there may be some doubt that a single second phase acceleration mechanism is involved. Two emission mechanisms seem to be important: gyrosynchrotron radiation by electrons of E 2 1 MeV for microwave type IV's, and thermal bremsstrahling from the soft X-ray emitting electrons for the weak "post burst increases". 2.3.2. Moving type ZV bursts. At metric wavelengths there are several types of radio events that are included as subclassifications of type IV emission. Moving type ZV bursts drift slowly from high to low frequency [lq. They have been observed (especially by the Culgoora radioheliograph) to propagate many solar radii away from their point of origin. For some years the favored interpretation was in terms of a plasmoid ejected from the Sun, radiating gyro-synchrotron radiation. More recently a plasma-emission mechanism [18] has found more favor, especially for early in the events. Irrespective of'the radiation mechanism, the interpretation as an overdense plasmoid seems unavoidable.
Moving type IV events can be further subclassified into "advancing fronts", "isolated sources" and other types [19] . The advancing fronts are associated with type I1 bursts, but are very rare.
2.3.3. Flare continuum (FCII). A second type of flare continuum can be associated with type I1 events. It differs from the advancing fronts just mentioned in that it turns on at a given frequency as the type I1 burst passes the relevant plasma level and then persists at that frequency (with the source remaining stationary in the corona) for tens of minutes [14] . In some events, especially the stronger ones, the continuum starts during the impulsive phase and continues through the gradual phase. At present it is controversial whether the FCII differs substantially from the FCE and hence, whether or not the FCII is due to acceleration of electrons by the type I1 shock (M. Pick, personal communication).
These types of radio emission (2.3.1) to (2.4.2) in the gradual phase imply that particle acceleration continues in various forms for tens of minutes after the impulsive phase. The form of the resulting particle spectrum can be inferred from microwave bursts; this along with the data on energetic ions forms the basis for the classic second phase acceleration. It is consistent to assume that the acceleration occurs in an enlarged flare-activated region, e.g., large magnetic flux loops, due to a Fermi-type mechanism. However, the data on type IV bursts requires more specific types of acceleration, perhaps associated either directly or indirectly with a passing shock. This acceleration is poorly determined by the data, because the theory of plasma emission does not tightly constrain the particle spectrum.
Nearly conrinuous acceleration in active regions
to weeks. Type I bursts are of short duration (0.1 s to a few seconds) and very limited in frequency (bandwidth Aflf typically a few percent). Individual bursts can drift in frequency, but in a way which has no obvious interpretation.
2.4.2. Storm type 1 1 1 bursts. Type 111 bursts can also occur in storms (Fig. 3) . The myriads of type I11 bursts are the low frequency continuation of the type 1 emission, with the boundary frequency (= 100MHz) appearing to drift up or down slowly. There is often an overlap, with the type 111 bursts starting at a frequency some 20% to 50% higher than the low frequency edge of the type I emission.
Sometimes the type I bursts appear to collect in a chain ( Fig. 3) which has a drift rate perhaps characteristic of a MHD disturbance [21] . In type 1-111 storms it is occasionally possible to associate individual type 111 bursts with individual elements in a chain. The interpretation is in terms of localized acceleration of electrons, with the type I bursts being due to the electrons which remain trapped in a closed field structure, and with the storm type I11 bursts due to electron escaping along nearby open field lines [21] .
Type I11 bursts in storms have some features which distinguish them from flare-associated type I11 events, such as a lower starting frequency (-100 MHz vs. -200 MHz) and a higher ending frequency (-100 kHz vs. < 30 kHz), but these differences are relatively minor. A process analogous to the classic first phase acceleration suggested for the impulsive phase of flares, and characterized by type I11 emission, evidently also occurs in storms, that is, a first phase type of acceleration occurs in active regions in the absence of flaring activity. It is possible that this acceleration is due to magnetic reconnection occurring as a newly emerging flux loop encounters old overlying flux loops [22] .
As an aside, it may be relevant to remark on three types of fine structures sometimes observed in storms: stria bursts, -Radio emission and particle acceleration occur not only in drift pair bursts and S bursts [23] . These are very special association with flares, but also in active regions in the phenomena and would not be of much significance in the absence of any flaring activity. Active regions can be long-overall study of acceleration processes in the solar corona term sources of energetic particles, with the particle events except for the fact that they are so specific that their successsometimes continuing for one or more solar rotations. The ful interpretation may lead to considerable insight into the radio events associated with active regions are type 1-111 emission processes involved. storms.
2.5. Summary (circa 1976) 2.4.1. Type I emission. Type I emission consists of bursts and a continuum. which can occur either toeether or It seems that these data require the following four types of ~.
separately [20] . Storms of type I emission can last from hours acceleration: (I) The impulsive phase events requires acceleration of 10-1 00 keV electrons to produce type I11 bursts and a variety of correlated phenomena. (The energy spectrum extends down to at least 2 keV in view of data on the electrons in type I11 events in the solar wind [25] .) A non-flare associated counterpart of this acceleration is required to produce type I and type I11 emission in storms.
(2) An acceleration of the type originally called second phase acceleration is required for the mildly relativistic electrons that produce some kinds of microwave emission. Particle data imply an acceleration of energetic ions, correlated with the microwave emitting electrons, and their acceleration is also included in the postulated second phase acceleration.
(3) Acceleration of electrons occurs in association with the passage of a shock front, with FCII emission being an example.
(4) Ejection of electron streams from shock fronts is implied by the herring-bone structure in type I1 bursts.
In addition, there is a question whether acceleration in moving type IV's is different, and whether electrons and ions sometimes have different acceleration mechanisms.
Spike bursts
Observations with high time resolution ( 5 10ms) have led to the identification of at least three classes of short-timescale phenomena given the generic name of "spike bursts". In reviewing these, Benz [3] argued that they may be the most direct signatures of acceleration. However the interpretation of spikes and the relation between spikes at different frequencies remains unclear.
Decimetric spike bursts
The most familiar spike bursts are at predominantly decimetric frequencies [26] and are usually called "microwave spike bursts". These bursts have been interpreted in terms of electron cyclotron maser emission due to electrons precipitating from an acceleration region at the top of a flux tube [27, 281. The cyclotron maser mechanism itself favors emission in many sub-bursts which involve timescales at least as short as the 5 l Oms observed [29] .
Qualitatively this maser mechanism requires fast electrons with an anisotropic velocity distribution in a region where the cyclotron frequency exceeds the plasma frequency; the proposed emission mechanism is then analogous to that for auroral kilometric radiation [39] . However, there is a dif-
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Physico Scripla TI8 ficulty in accounting for the escape of the radiation due to strong cyclotron absorption in overlying regions of the solar corona [28] . Until this difficulty is successfully overcome the theory cannot be regarded as established. No plasuible alternative theory is available however.
It does seem likely that decimetric spike bursts are signatures of electrons precipitating from the region where they are accelerated in a flaring loop, but at present the interpretation is sufficiently uncertain that no firm conclusions can be drawn.
Type-III-like bursts
At lower frequencies (around 300 MHz) Elgaroy [31] reported what he called "type-111-like" bursts. These bursts are much shorter in duration and have much higher drift and repetition rates than type I11 bursts. Benz [3] suggested that they may be lower frequency counterparts of decimetric spike bursts. However the observed characteristics are not favorable for interpretation by the electron cyclotron maser mechanism. A type-111-like mechanism seems more plausible, but no detailed interpretation along these lines has been presented.
Benz [4] pointed out that if spike bursts are direct signatures of the acceleration of electrons, then their frequency is related directly to the plasma frequency in the source and their repetition rate is likely to be characteristic of microstructure in the acceleration of electrons.
High frequency spikes
Kaufmann et al. [32] reported fine structures with a timescale of tens of milliseconds in high frequency extensions of microwave bursts, extending into the millimeter range. The individual spikes are so similar that Kaufmann et al. argued that the energy is released in a quasi-quantized manner.
At these high frequencies the only important emission mechanism is gyro-synchrotron emission. No coherent or maser mechanism is required, in contrast to the other two classes of spikes discussed above. The high frequency spikes could also be direct signatures of the acceleration process, being produced as the electrons propagate into regions where the magnetic field is strong enough to cause gyrosynchrontron emission at the frequencies observed.
-4. Timescales in acceleration
It may be that these three spike phenomena are related, although the case for this is weak. What one can conclude is Solar Radio Bursts with Special Regard to Particle Acceleration and Mass Ejection 33 that they imply the existence of acceleration on a timescale considerably shorter than previously recognized. There are at least three timescale on which acceleration processes operate. An overview which incorporates these timescales was suggested by Sturrock et al. [33] , who however considered only the high-frequency spikes in discussing the shortest timescale. With minor modifications their overview is as follows.
There are three "modes" of energy release in solar flares: (i) On the shortest timescale of tens of milliseconds the energy is released in sub-bursts. The millimeter-wave spikes suggest that a characteristic energy is associated with each sub-burst. The type-111-like bursts suggest that there are up to --lo4 sub-bursts per event [34] and that each sub-burst is confined to a very small region of dimensions z 20 km [29] .
(ii) The phenomena which occur on a one-second timescale are called elementary bursts. These include type I11 bursts, hard X-ray spikes and impulsive microwave spikes, which all show some correlation [I 51.
(iii) Finally, a third, longer timescale is characteristic of the gradual phase of the flare.
Sturrock et al. [33] pursued the distinction between (i) and (ii) further by postulating that elementary bursts are associated with energy release in "elementary flux tubes" with many such flux tubes in each flaring loop or arcade of loops. They linked this suggestion to the observation of magnetic knots (regions with field strength 2 103G and with a magnetic flux of a few x 10" Mx), with the knots being the foot points of the elementary flux tubes. They suggested that the subbursts are associated with the formation of magnetic islands in these flux tubes during magnetic reconnection as a flare develops.
Qualitatively these ideas are consistent with current ideas on type I bursts. A favored interpretation is in terms of an emerging flux loop in a pre-existing region, with the acceleration of the type I-type 111 electrons associated with localized regions where magnetic reconnection occurs [24] . Type I chains imply a drift rate of order the Alfven speed for the triggering agency, and this fits reasonably with the expected motion of an emerging flux tube. Evidence for spike-like phenomena in type I storms [34] adds qualitative support to the association between sub-bursts and localized regions of reconnection.
Events in the interplanetary medium
One of the early motivations (in the 1960's) of spacecraft experiments in the interplanetary plasma was to follow type 111 events to lower frequencies as they propagated from the higher levels of the solar corona (with & 2 10 MHz) to the orbit of Earth (with& z 30 kHz) and beyond. A number of important advances have been made with these data; however after nearly two decades of such investigations, arguably there are more problems than answers. This is a topic of active current interest. Only interpretations likely to be relevant to the acceleration of electrons are mentioned here.
Type ZZZ events
One unexpected feature of the observations of the electrons in type I11 events in the interplanetary plasma is that the energy range extends well below the 10 keV level conventionally accepted as the lower range for first phase acceleration. The instrumental limitation is such that measurements can extend down to 2 keV, and the electron spectrum certainly extends down to this energy, e.g., the recent review by Lin [35] . One expected the data to show faster electrons arriving first, and slower electrons arriving later, due to the time of flight from the sources in the corona, and this is indeed observed, as illustrated in Fig. 6 . However, the extension of the spectrum to energies of 2 keV and lower was not expected because these electrons should not escape due to collisions in 'He-rich events: Energetic ions correlated with type 111 electrons (i.e., impulsive 2-ld keV electrons) are anomalously high in the ratio of 'He to 4He.
Scatter-free propagation: There is a strong tendency for electrons at > 20 keV to exhibit characteristics of diffusive propagation, while those at < 10 keV are scatter-free.
Second-phase acceleration: In large flares there is evidence for a break in the electron spectrum at --30 keV, with the higher energy electrons having experience further acceleration. Energetic ions correlate with these electrons. Electron-ion correlation: The spectra of energetic electrons and ions show some correlation, suggestive of a velocity dependent acceleration so that features in the electron and ion spectra appear at around the same particle speed, e.g., 100-200 keV and 200-400 MeV respectively.
It might be appropriate to remark here that data on y-ray bursts show that ions are accelerated to tens of MeV on a timescale of a few seconds in the impulsive phase of some large flares, e.g., the review by Hudson [36] . Pulses of gamma rays occur on a 1 s timescale that are very similar to pulses of hard X-rays and microwaves. This, together with the data on interplanetary electrons and ions, requires a rethinking of the postulated first phase acceleration: either first phase acceleration involves ions as well as electrons, or second phase acceleration can occur on a timescale ( z 1 s) previously thought to be appropriate for first phase acceleration. Interestingly, in 1976, Smerd (cf. the Appendix) had already suggested such ion acceleration on the basis of other data.
Type II -SA events
Another class of events observed in the interplanetary medium have been called SA ("shock accelerated" or "shock associated") events (Fig. 7) . These are similar to type 111 events, in that electrons and radio waves are observed, but they appear to be associated with type I1 and/or type IV bursts at higher frequencies [37] .
Type 11 bursts can sometimes be seen in the interplanetary medium, but they usually fade rapidly and are unobservable above a few solar radii. The SA events observed from several solar radii to the orbit of the Earth may be the result of electrons accelerated at type 11 shocks much closer to the Sun. It is argued that they originate from the electrons causing herring-bone structure or Flare Continuum at the higher frequencies [371. Although the causal relation remains controversial, the SA events seem to provide further evidence for the acceleration of electrons at shock waves in type I1 events.
Electron acceleration at interplanetary shocks
There is now extensive evidence on the acceleration of electrons and ions at shock waves in the interplanetary medium, I I 2 TIME AFTER START OF FLARE (HRS) Fig. 7. A schematic representation of a shock accelerated event assumed to originate from herring-bone structure in a type 11 event in the corona. and particularly at the bow shocks of the Earth and of the giant planets. Two theories have proved quite successful in explaining many features of these observations. These are called "diffusive shock acceleration" and "shock drift acceleration".
Solar Radio
Diffusive shock acceleration [38-401: This mechanism is illustrated schematically in Fig. 8 . The idea is that scattering allows a fast particle to bounce back and forth across a shock front many times. Each time it is reflected by an oncoming flow and gains energy. The idea was proposed independently by four sets of authors in 1977-78 [41-441 and applied to cosmic rays in the heliosphere and to other astrophysical applications.
Shock-drift acceleration [45] : This idea, unrelated to the diffusive shock acceleration can account only for the acceleration of nonrelativistic particles at shock fronts. The acceleration attributed to a v x B electric field in the shock frame.
A single-particle analysis shows that particles either reflected from or transmitted through a fast mode shock gain energy under most conditions. There is both direct and indirect evidence supporting this mechanism, with the direct evidence being shock spike events in the particle distributions observed with the passage of a shock [46] . Unlike diffusive shock acceleration and other stochastic (or Fermi) mechanisms, shockdrift acceleration can accelerate electrons from a thermal distribution.
The most plausible current theory for acceleration in type I1 shocks, e.g., to produce the herring-bone structure and SA events, is a shock-drift mechanism [45] . There is copious evidence on electron streams propagating back up stream from the Earth's bow shock, and these are plausibly accelerated by this mechanism. It seems that similar acceleration occurs at type I1 shocks and produces the herring-bone structure, as suggested by Holman and Pesses [471.
Acceleration mechanisms
The radio and related observations reviewed above imply a new, much more complicated picture of acceleration in the solar corona. The older idea of two phases of acceleration, with storage in coronal loops to account for longer lived phenomena, is not adequate, as Smerd emphasized a decade ago (cf. the Appendix). However, no simple overview is available to replace the older idea of two phases. It is clear that acceleration occurs in at least several different contexts, and one way of attempting an overview is to classify these according to the type of acceleration at shock fronts, and at least two other mechanisms seem to be required to account for most of the observed phenomena. Thus it is reasonable to suggest that the following four types of acceleration occur, and then to attempt to categorize all the phenomena involving acceleration into one of these four types.
(1) Bulk energization: All the electrons (and ions?) in a localized region are heated or accelerated rapidly. Their distribution may develop a nonthermal tail and the ratio of the electron and ion temperatures may become quite different from unity.
(2) Stochastic acceleration: Random electric fields (e.g., in MHD turbulence) or structured electric fields (e.g., in electrostatic double layers) and random particle motions, cause electrons and ions which are already suprathermal to diffuse to higher energies. "Fermi acceleration" is another generic name given to this type of acceleration, but this name is also given to a specific mechanism suggested by Fermi.
(3) Diffusive shock acceleration: As described in Section 4.3 this mechanism, although related to stochastic acceleration is a "first-order Fermi" mechanism, rather than a "secondorder Fermi" mechanism in which energy gains and losses balance to first order.
(4) Shock-drift acceleration: Electron and ion beams emerge from the shock front at the point where it is tangent to the upstream magnetic field lines due to the mechanism discussed in Section 4.3.
Mechanisms 2 and 3 are relvant to the second-phase phenomena, such as the acceleration of electrons to 100 keV in gradual microwave bursts, and as the acceleration of relativistic electrons and ions in long-lived particle events. Mechanism 4 is relevant to the herring-bone structure and to SA events.
Of these four, the most difficult to understand is the classic first-phase acceleration of electrons in type 111 bursts and perhaps in type I bursts. The evidence on fine structures (spike bursts) suggests that this acceleration occurs in many localized regions which are triggered at different times (within a few-second timescale). There have been several suggestions as to what the detailed mechanism is. Spicer [48] has argued for driven multiple tearing modes. A detailed model was developed by Duijveman et al. [49] . In this mechanism the dissipation is collisional and becomes effective because the tearing instability breaks the current profile into many localized high-current-density regions where dissipation is effective. Other models are possible, and hopefully they will be developed and explored to improve our understanding of bulk energization.
Another viewpoint on bulk energization is that it is an enhanced form of coronal heating. It is becoming widely accepted that coronal heating is due to the dissipation of either AC or DC currents in coronal loops [SO, 511. One model of a flare is that it is a nonlinear response to a steady change in the input power, with the idea being that if the dissipation rate has to adjust too rapidly or too far, then it can only do so through an explosive change in configuration [52] . However, these ideas remain speculative: at present bulk energization is simply not adequately understood.
Stochastic acceleration is better understood than bulk energization. It involves further acceleration of a seed distri- bution of fast particles. A randomizing process is an integral part of any stochastic mechanism, and resonant scattering is the most plausible such mechanism [53] . Recently progress has been made in explaining the shape of the energy spectra in solar particle events in terms of a specific form of stochastic acceleration [54] . However the radio data, which are relevant only to acceleration of electrons, have not played a significant role in these recent developments.
6. Radio bursts and mass ejections ation in the solar corona. Estimates of the particle spectra required to produce different types of burst have been made (cf . Table I ) but these are subject to considerable theoretical uncertainties. The most obvious implication of the radio data is that the older view of two phases of acceleration is inadequate. It is suggested here that the radio phenomena could be classified according to the type of acceleration involved. Four types are identified: (1) bulk energization, (2) stochastic acceleration, (3) diffusive shock acceleration, (4) shock drift acceleration. Examples of bursts into these types of acceleration might be (1) type 111, type I and impulsive microwave bursts, (2) microwave and moving type IV bursts, (3) meterwave flare A coronal mass ejection (CME) can be observed directly as a continuum, and (4) herring-bone structure in type I1 bursts. coronal transient [55] . Slow ( < 400 km s-') transients usually More generally it is only when the radio data are compleonly emit enhanced thermal radiation from the dense material, mented by other data, such as hard X-ray data and particle and faster transients are often accompanied by type I1 and data from the solar wind, that firm constraints on the accelertype IV bursts [56] . There is evidence for a forerunner accom-ation processes can be deducted. panied by type 111 bursts tens of minutes before a flare [57l.
The type I1 bursts associated with a CME may sometimes be near the leading edge, but may also be associated with a Acknowledgements shock wave progressing through magnetic structures in the This review owes much to the insight into solar activity that we learned from body of the transient [58] . Moving type IV emission coincides our friend and colleague, S. F. Smerd. This work was sponsored in part by with blobs of moving behind the main mass [59~.
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Simultaneous radio observations of transients can complement the optical data, particularly concerning possible magnetic structures associated with the CME. Radio bursts and storms provide evidence that electrons are accelerated to radio-burst emitting energies by different mechanisms and during at least four distinct phases of a "complete" solar flare event and its aftermath. There is no evidence for electron storage beyond several hours.
The earliest phase, the "flash" or "explosive" phase, is characterized by repeated short, impulsive bursts; they are attributed to radiations from repeated, sub-relativistic ( -10 keV to -100 keV) electron streams, each accelerated and ejected in 5 1 s. The acceleration mechanism can therefore not be stochastic m h d acceleration; the acceleration mechanism is not yet known, but frequently linked with magnetic-field reconnections. There is no radio evidence that the sub-relativistic flash-phase electrons are trapped in coronal fields for more than -1 min, i.e., the duration of the short continua at times associated with the impulsive bursts. If protons are in that phase accelerated to the same Lorentz factor, this would lead to -10 to -100 MeV protons. Such protons may have been observed in "micro" proton events.
The second phase is characterized by slowly-drifting, narrow-band bursts at the metre and longer wavelengths which last -10min; the bursts are attributed to radiation from collisionless shock waves spreading in the corona. The shock waves are though to emanate approximately at the time and place of the original "explosion". The radio evidence suggests that such collisionless coronal shocks can generate repeated pulses of sub-relativistic electrons propagating away from or towards the Sun; though in most cases the sub-relativistic electrons appear to be confined, perhaps magnetically, just ahead of, possibly within, or just behind the shock front. The acceleration of electrons by collisionless shocks in the coronal plasma is not yet understood. There is no radio evidence for electron storage in that phase.
The third phase (though it commonly starts with the impulsive bursts of phase one and before the slow-drift burst of phase two) is characterized by broad-band continua in all parts of the radio spectrum; their sources remain stationary (in the sense that they do not exhibit systematic large-scale movements) and persist from several minutes to several tens of minutes. The continuum radiation is attributed to mildlyrelativistic electrons (-100 keV to -1 MeV). The electrons are thought to be part of the sub-relativistic explosive-phase electrons trapped in magnetic loops and subsequently accelerated by interaction with the shock wave from the explosion.
